EXHIBIT B 



Virus interference. I. The interferon 



By a. Isaacs and J. Lindbnmann* 
National InstUttie for Medical Research, London 

{Communicated by C. H. Andreu/es, F.R.8.— Received 7 March 1957) 

During a study of the inteiference produced by lieat-inaotivated influenza virus with the 
growth of live virus in fragments of chick chorio-allantoic membrane it was found that 
following incubation of heated vims with membrane a new factor was released. This factor, 
recognized by its ability to induce interference in fresh pieces of chorio-allantoio membrane, 
was callsd Interferon. Following a lag phase interferon was first detected in the membmnea 
after 3 h incubation and thereafter it was released into the surrounding fluid. 

Introduction 

One of the moBt useful situations for studying interference among animal viruses 
has been the interference produced by inactivated influenza viruses with the 
growth of live influenza virus in the ohorio-allantoic membrane of the chick 
embryo. In this system, a number of variables have been measured, e.g. the effects 
of varying the dose of interfering and challenge virus or the time interval between 
the two inoculations, the effects of different methods of virus inaotivation and the 
use of different virus strains (see review by Henle 1950). As a result of studies 
by different workers, it is generally agreed that interference cannot be explained 
by blockage of cell surface receptors. Fazekas de St Groth, Isaacs & Edney (1952) 
found that interference by influenza virus inactivated at 56° C took some houi-s 
until it was fully established, but it was difficult to decide by experiments in the 
intact chick embryo whether this time was required for the inactivated virus to 
be absorbed by the cells or for some further reactions to occur. We have studied 
this point with pieces of chorio-allantoic membrane suspended in buffered salt 
solution in vitro (Fulton & Armitage 1951; Tyrrell & Tamm 1955) a method 
which allows observation of fluid and cells seperately and manipulations which are 
not possible in the chick embryo. As a result, a number of new features of the 
interference reaction have emerged and these are described in this and the following 
paper. 

Methods 
Interfering virus 

The Melbourne (1935) strain of influenza virus A was used as freshly harvested 
allantoic fluid. It was mixed with a 2 % sodium citrate solution in normal saline 
and borate buffer, pH 8*5, in the ratio 6 parts virus, 2 parts citrate-saline and 
1 part borate buffer, and heated at 56^0 for I h. This treatment abolishes the in- 
fectivity and enzymic activity of the virus while retaining its interfering activity 
(Isaacs & Edney 1950a). In the present experiments, it was shown by inoculating 
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eggs allantoically that heating had inactivated the virus; this test was included 
in most, but not in all of the present experiments. The heated virus is referred to 
as heated MEL. 

The bufifer used to suspend and wash the pieces of chorio-allautoic membrane 
was that described by Earle (see Parker 1950). 

Chorio-aUantoic membrane 
Pieces of chorio-allsntoic membrane were removed from 10- or 11-day fertile 
hen's eggs by a technique similar to that described by Tamm, Folkers & Horsfall 
(1953). Six or seven pieces were taken from each egg and membranes were pooled 
from a group of eggs and raadomized. In order to find the weight of a pieoe of 
membrane, ten pieces were selected at random, drained on filter paper and weighed. 
The average weight of a piece of membrane was found to be 20 mg. 

i Interference and challenge 

1 An interference experiment was carried out in the following way: Six pieces of 

I membrane were placed in 6 x | in. test-tubes, and to each was adcled 1 ml. of test 

J material. Six other tubes were similarly incubated with 1 ml. buflFer. In each case 

i 100 units of penicillin were added per ml. fluid. The tubes were stoppered and 

[ placed in a roller drum at 37' C (8 rev/h). After 24 h incubation the membranes 

I were removed, washed in two changes of buffer and put in fresh tubes along with 

I 1 ml. buffer in which MEL virus at a final dilution of ID"' was incoi^porated. The 

MEL virus came from a stock of capillary tubes kept at - 70°C and a single stock 
of virus lasted through almost all the experiments. The tubes were placed in the 
roller drum for a further 48 h at 37° C after which the fluids were titrated indi- 
vidually for their haemagglutinin content. 

Haemagglutinin titrations 
Two-fold dilutions (0-25 ml.) of test virus were made in normal saJine using 
automatic pipettes and plastic plates. To each dilution 0-25 ml. of a 0-5% sus- 
pension of cliick red-blood cells was added, and the cells allowed to settle. That 
pattern which showed partial agglutination was taken as the end-point, and it 
was read by interpolation if necessary. One agglutinating dose (a.d.) is defined as 
the amount of virus present at the partial agglutination end-point. The readings in 
the tables are given as log^, i.e. tube number of a series of two-fold dilutions. Thus 
if the end-point of agglutination occurs at a 1/2 dilution the reading is taken as 
logj = 1. If the end-point of agglutination occurs at a 1/4 dilution the reading is 
i taken as logg = 2. A 1/1 dilution end-point has a logj = 0 and material which did 

not agglutinate red cells at a 1/1 dilution was given an arbitrary score of — 1. 

AsaesamerU of results 
A gi-oup of sixty titrations of control materials carried out in a single experiment 
was analyzed statistically. The logarithms of the haemagglutinin titres of indi- 
vidual fluids were found to occur in an apjir oxiraately normal distribution. It was 
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necessary, therefore, to measure geometric mean haemagglutinin titres when 
comparing two groups of materials. The mean (log,) titre of the sixty titrations 
was 6-78 and the variance 0-412 (standard deviation 0-642). If we took samples 
of six from this population we should expect that 99 % of the sample means would 
fall in the range 6-78 ± 0-67. Therefore, if the means of two samples, drawn at 
random, differ by more than 0-67 log, it is likely that they are drawn from different 
populations. In practice, we have assumed that if an experimental group of six 
tubes showed a geometric mean titre of one logj unit less than a group of six 
controls tested at the same time this indicates a alight but significant degree of 
interference ; a difference of two logj units was taken aa showing definite interference. 

One difficulty was that groups of controls tested on different days showed highly 
significant differences in titre. This finding appears to be due to the variable 
sensitivity of the red cells from different fowls to influenza viral haemagglutinin. 
In order to overcome this difficulty a control group was included in each experi- 
ment, and to facilitate comparison between different experiments the results for 
an experimental group are shown in the table as the proportion (expressed as a 
perc8nta,ge) of the geometric mean haemagglutinin titre of the corresponding 
controls. Thus a difference of one log, unit between experimental and control 
groups corresponds to a 50 % yield, a difference of two logj units to a 25 % yield, 
etc. Small arithmetic differences in the percentage yield have therefore a much 
greater significance at low than at high percentage yields. 

Results 

Effect of varying the temperature and time of contact of heated virus 
and celU on the degree of interference 

In preliminary experiments it was found that interference could be induced in 
pieces of chorio-allantoic membrane in the following way. Heat-inactivated MEL 
virus was added to the suspending fluid along with a piece of membrane, and this 
was then incubated in the roller drum for 24 h at 37°C; controls were incubated 
in bxiffer. The membranes were then washed, placed in fresh tubes with hve MEL 
virus diluted 10-^ in 1 ml. of buffer, and incubated for a further 40 to 48 h at 37°C. 
Previous treatment of the membranes with heated MEL in this way caused pro- 
nounced interference with the growth of live MEL. In this system, 200 to 400 
agglutinating doses of heated MEL almost completely suppressed haemagglutinin 
production by hve virus and the effect of different doses of heated MEL can be 
seen from the information contained in table 4. Tjnreil & Taram (1955) found that 
LEE virus heated at 56° C did not cause irterference in a similar system; this 
difference may be due to virus strain variability. 

It was soon found that the time interval between the apphcation of interfering 
and challenge viruses had an influence on the degree of interference. In order to 
see what was the importance of the time interval, the following experiment was 
carried out. Pieces of membrane were mixed with a small dose of heated MEL 
virus (60 a.d.) in order to produce slight interference, and at varying time intervals, 
groups of membranes were removed, washed tlioroughly in buffer, resuspended 
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in buffer and further incubated either at 2 or 37 -C. Tlie total incubation time was 
24 h and this was divided between a primary incubation period in contact with 
heated MEL at 37"C and a secondary incubation period of the washed membranes 
at 2 or 37° C. After the secondary incubation, the membranes were again washed 
and challenged with MEL virus. The results are shown in table 1. The results show 
that a primary period of 15 min contact between heated MEL and the membrane 
was sufficient to establish nearly as much interference as a primary period of 24 h 
at 37°C, provided the secondary incubation was carried out at 31°C. The findings 
suggest that the heated MEL virus is rapidly adsorbed to the oells, and thereafter 
that it does not act as an inert blocking agent. The fact that after 4 h primary 

TaBLB 1. EfFBOT of VAKYIITG TIMES AND TBMPBRATCEBS OF INCtrBATIOlf ON 
THB INTBBTBEING ACHYITY OF HBATBD MEL 
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incubation there is a slight difference in interference, depending on whether secon- 
dary incubation is carried out at 2 or 37*0, impUes that some active metabolic 
process in the membrane requiring at least 4 h incubation at 37*0 ia neoeasary before 
interference is fully estabUshed. It is difficult to be sure how long this process 
takes since it might continue diiring the early stages of growth of the ohallenge 
virus, and 4 h is therefore only a minimal figure. 

StabilUy of interfering activity of heated MEL 
Incidental observations had pointed to some instability of the interfermg 
activity of heated MEL during incubation at 37°G. An experiment illustrating 
this is shown in table 2. Table 2 shows that the interfering activity of heated MEL 
virus was reduced about ten-fold by incubating it for 24 h at 37°C before adding 
the membranes. This degree of instability is interesting since Paudker ic Henle 
(1955) found that the infectivity of the PR 8 strain of influenza virus was inac- 
tivated at 37 °C at the rate of about one logjQ a day. 

When an attempt was made to measure the amount of unabsorbed heated MEL 
virus after varying times of contact with ohorio-allantoic membrane, a difficulty 
was soon encountered. Apparent rapid 'disappearance' of the haeraagglutinin 
was found to bo caused by combination of the virus with an inhibitor of agglutina- 
tion released by the membrane into the surrounding fluid. This could be shown 
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by incubating pieces of membrane with buffer at 37° C in the roller drum, when 
after 2 b sufficient inhibitor of agglutination was released by the membrane into 
the surrounding fluid to block agglutination by an equal volume of heated MEL 
virus with an agglutinin titre of 100. A similar effect was noted by Schleainger & 
Karr (1956) and probably accounts for the difficulty described by Isaacs & Edney 
(19506) in removing the inhibitor in allantoic fluid by frequent washing of the 
allantoic cavity. 
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Tablb 3. Eavscrr of mbsibbanb inhibitob on 
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An experiment was carried out to see what effect this membrane inhibitor might 
have on the interfering activity of heated MEL. A sample of inhibitor was pre- 
pared by incubating normal membranes in buffer. Heated MEL virus was then 
tested for its interfering activity diluted in this membrane extract or in buffer as 
a control; aJso, interfering activity was tested by adding the membranes to these 
reagents at once, or after the two preparations of heated MEL haA been incubated 
for 4h at 37° C. The results in table 3 show that the membrane extract had 
a pronounced inhibitory effect on the interfering activity of heated MEL. Also, the 
degree of instability of the interfering activity of heated MEL during 4 h incubation 
at 37° C was not affected by the presence or absence of membrane inhibitor. 

Residual ijUerfering activity 
These experiments have indicated that the interfering virus is rapidly taken up 
by the cells, although interference in the cells takes some time to be established. 
One would expect, too, that in these experiments little interfering activity would 
remain in the fluid after 24 h contact between heated MEL and the membrane, 
since any unabsorbed virus would lose interfering potency as a result of inactivation 
at 37°C and combination with inhibitor. It was surprising, therefore, to find that 
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after 24 h incubation considerable interfering activity remained in the surrounding 
fluid. This can be seen from the experiment illustrated in table 4. In this experi- 
ment, different amounts of heated MEL were incubated with pieces of membrane 
for 24 h at 37° C. Membranes and fluids were then separated and the membranes 
were washed and challenged with MEL virus to assess the degree of initial inter- 
ference. The amount of residual interference in the fluids was measured by adding 
fresh pieces of membrane to the fluids, incubating 24 h at 37° C and challenguig 
with MEL virus in the same way. Qeariy the degree of residual interfering activity 
is only shghtly less than the amount of initial interfering activity. 

Table 4. Compasison between initial interfbbino activity of hbatbd 
mel and besidual intebferino activity afteb incubation with chobio- 
allantoic membrane fob 24 h 
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In an effort to explain the result.s of the last experiment the possibility was 
considered that fresh interfering activity was produced by the membrane. This 
possibility was confirmed by the following experiment. Heated MEL virus was 
incubated with pieces of membrane for 2 h at 37° C. The membranes were then 
thoroughly washed and incubated in fresh buffer at 37° C. It was found that after 
some hours' incubation at 37° C fresh interfering activity could be detected in the 
incubating fluid. Some of the properties of this newly released interfering agent 
are described in the accompanying paper, but we can anticipate meanwhile by 
saying that the newly released interfering agent is a non-haemagglutinating macro- 
molecular particle which has many different properties from those of heated in- 
fluenza virus. To distinguish it from the heated influenza virus we have called the 
newly released interfering agent ' interferon It was also found that the membranes 
which were liberating 'interferon' showed a diminished production of MEL virus 
on challenge, i.e. establishment of interference was accompanied by liberation of 
interferon. 

Time of appearance of interferon in the membrane 
and release into the surrounding fluid 
We next studied the appearance of interferon in the membranes and its liberation 
into the surrounding medium at different time-intervals after inoculating heated 
MEL virus. The experiment which is illustrated in figure 1 was carried out in the 
following way : 

Pieces of chorio allantoic mt ml'rajic wxtc mixed with a large dose of heated 
MEL (4000 aggliitinating do.st's/membriiiic piece) and incubated in the roller dnnn 
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for 3 h at 37*C. The membranes were then removed, washed thoroughly in baffer, 
resuspended m fresh test-tubes with 1 ml. of buffer/membrane piece and re- 
incubated at 37° C. The end of this time was taken as zero hour and at various 
time intervals thereafter groups of tubes were removed, and the fluids and mem- 
branes tested separately for interferon activity. The membranes were pooled in 
groups of six, ground in a Ten Broeok grinder, suspended in 6 ml. buffer, Ug^tly 
centrifuged and the supernatant fluid tested by adding six fresh pieces of membwie. 
(In a control experiment it had been shown that after lightly centrifuging a mem- 
brane extract in this way all the interfering activity was present in the supernatant 
fluid.) The further test of interfering aotivity of fluids and membrane extracts was 
carried out by incubating test fluids with fresh pieces of membisne for 18 to 24 h 
at 37" C, washing the membranes and challenging with MEL vims. Tb» yieMs of 



haemagglutinin were compared with those of control membranes incubated in 
buffer. In the experiment illustrated in figure 1, the samples harvested at 0 and 
6 h had a different control group from the samples harvested at 12 and 24 h, and 
in each case the results in the experimental group were compared with their 
conesponding controls. The fluids and membrane exti^ote teatod at 0 h showed no 
interfering activity, although the membranes had absorbed large amounts of 
heated MEL virus, and would themselves probably have been resistant to challenge 
as shown by control experiments. At 6 h there was a high d^;ree of interferon 
aotivity in the membrane extracts and slightly less in the fluids. The greatest 
interfering activity in the fluids was found at 12 h, a finding which was confirmed 
in a second experiment, and by this time the activity in the membrane extracts 
had declined slightly. At 24 h there was little remuning activity in the membrane 
extracts and most of the interferon had been liberated into the medium. 

This type of experiment was repeated with a number of vuiations. In one 
experiment an initial period of 2 h contact between heated MEL and membranes 
was allowed, and samples were taken at 0, 3. 6, 9 and ) 2 h. In this case, significant 
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FiouBB 1. Presence of interferon in membranes and fluids. 
fluids, membrane extract*. 
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interfering activity was found in membranes and fluids at 3 h, but the potency of 
both was less than at 6 h. The only difference from the results shown in figure 1 
was that in this experiment the zero samples of both membranes and fluids showed 
slight but significant interfering activity. This finding may have been due to small 
amounts of heated MEL remaining loosely attached to the membrane; since the 
same finding was noted when the heated MEL and membranes were left in contact 
for 24 h at 2''C. Under these conditions, Ishida & Ackermann (1956) have shown 
that influenza virus becomes loosely and reversibly attached to the chorio-allantoic 
membrane, irreversible attachment requiring incubation at 37°C. Preliminary 
incubation of heated MEL and membranes at 2°C followed by washing the mem- 
branes did not give satisfactory results and there was a low production of interferons . 

In another experiment, the differential release of interferons into the fluid was 
studied. Heated MEL and membranes were kept 2 h in contact at 37° C and the 
membranes were then washed and incubated in buiTer. At two-hourly intervals 
thereafter the membranes were removed, washed and incubated in fresh buffer; 
all the manipulations were carried out with warm reagents and at 37° C. The yields 
of interferon during the different time intervals were then measured and the 
results are shown in table 5. 

Table 5. Diffeeential yield of isteefebons at iktbbvals 
aftee ikoculating heated mel 
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The maximal liberation of interferon occurred between the second and sixth 
hours. The yield of interferon was much smaller at each interval, largely due to 
the fact that the total yield was divided among so many samples. (In the accom- 
panying paper it is shown that interferon prepared as described here has little 
interfering activity at a dilution of 1 in 10.) In this experiment little interferon 
was liberated after 10 h.. but in another experiment slight aoti\aty was foimd in 
a 10 to 24 h sample. 

Kelalionship between interfering aciivily of the virus and interferon production 
The amount of interferon produced depends on the amount of heated MEL used. 
as indicated by the results shown in table 4. The following experiment showed 
that interferon production is also dependent on the po.ssession of interfering 

activity by the heated MKT>. ft is b.ise<1 on the fiu-t that MEL virus heated for 
I h at .WH: had .strong interfering activity, whricas tlie same virus heated for 
1 h at 60' (' had no significant interfering activity (Is.uu-s & Rdney 1950a). 
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Aliquots of a preparation of MEL virus in citrate-borate buffer were heated for 
1 h at 56 and 60°C and incubated with pieces of membrane for 2h at 37°C. 
The membranes were then washed and incubated in buffer for a further 20 h at 
37 °C. Thereafter, the membranes were removed and tested for their ability to 
support the multiplication of MEL virus, while the fluids were tested for their 
interferon content. The results are shown in table 6. 



Table 6. Belatiokshif of intbrfkbino activity and intkbfbrok 
PEODTJonoir BY MEL hbatbd at 56 and 60" C 

geometric % of 

MEL mean HA titre coatrol 

heated at material tested (log,) titre 

M'C for 1 h membranea for interference 0*88 1-1 

0O°C for 1 h membraneB for interference 6*4 S3 

Bt'C for 1 h interferons Uberated 2-6 4 
60° C for 1 h interfei 



The virus which had been heated at BS'C induced significant intetfezenoe in the 
membraaes whiok also liberated interferon. The virus which had been heated at 
60" C caused a barely detectable degree of interference and no interferon was 
Uberated. 

Attempted passage of interferon in aeries 
The results obtamed have not made it clear whether interferon is part of the 
heated MEL virus which is liberated by the membrane, or whether it is newly 
synthesized in the membrane . In either event it was interesting to test the possibility 
that interferon might be able to replicate in series. Li order to test this, advantage 
was taken of the fact that interferon exerts its activity if it is left La contact 
with the membranes for 4 h at 37° C, and the membranes are then washed and 
incubated in buffer for a further 20 h at 37''C before challenge. Under these 
conditions no new interferon activity could be detected in ground membranes or 
in the medium after a single passage or after two serial passages. Controls showed 
that the interferon grown in eggs or tissue cultures did not produce live virus. 



Discussion 

In earlier studies on virus interference attempts were sometimes made to explain 
the phenomenon as due to an inert blocking action of the interfering virus pre- 
venting the challenge virus from entering the cells. This view has been contested 
by those who could find no evidence that the interfering virus prevented uptake 
of challenge virus, and in the present studies it was found that in order to establish 
interference more than 4 h incubation at 37''C was required. Tyrrell & Tamm (1955) 
found that incubation at 37° C was necessary for the establishment of interference 
in a similar system, but using virus 'inactivated' at 22 or 37°C. However, it is 
known that virus incubated at 22 or 37''C retains some infectivity and is able to 
undergo a modified cycle of virus multiplication resulting in the production of 
virus resembling incomplete virus (Henle 1953; Horsfall 1954). In contrast, virus 
heated at 56* C for 1 h has hitherto shown no evidence of infectivity, or of the 
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ability to produce virus haemt^lutinin or soluble antigens (Isaacs ft Foiton 1953). 
The present results suggest, nevertheless, that interference ehovs some of the 
characters we might expect of an abortive attempt at a smgle eyde of virus 
multiplication. A second finding vrhich supports this idea (in addition to the fact 
that interference requires some metabolic activity on the jwrt of the membrane) 
is that the interfering action of heated MEL is inactivated during incubation at 
37°G to approximately the same extent as is the infectivity of unheated virus. But 
the best support for the idea arises if we consider the interferon provisionally as 
an abortive product of virus multiplioation. This suggestion is made mainly as a 
guide to fiurther experimentation until tiie interferon is better ehanwterixed 
chemically and serologically. 

The analogies between interferon and virus production are as follows: Little or 
no interferon activity could be detected in membranes or fluids shortly after 
inoculating heated MEL; this is analogous to the so-called 'eclipse period', when 
only a small fraction of the inoculated influenza virus can be recovered from 
infected cells (Hoyle 194$; Henle 1949). Secondly, the times at which interferon 
activity can be detected in membranes and fluids correspond very well with those 
at which new virus antigens appear after inoculating live influenza vkos. The fact 
that interferon is able to inhibit influenza virus growth, but is unable to replicate 
in series, suggests similarities to the single cycle of viral haemagglutinin production 
caused by infection with incomplete virus (Burnet, Lind & Stevens 1955; Pauoker 
& Henle 1955). 

The experiment which showed that virus heated at 60° C for 1 h had no inter- 
fering action and did not lead to the production of interferon, suggests a close 
relationship between the two phenomena. However, there is insufficient evidence 
to postnlate yet that the influenza viral interference phenomenon is due directly 
to interferon production. It is also not yet known whether interferon is simply 
liberated from the heated MEL or is newly syntiieazed in the memloane. ha 
favour of its being newly synthesized is an observation that in order to obtain 
good yields of interferon, atfequate oxygenation of tiie membrane is neoessaiy. 
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